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DRAG AXD PROPULSIVE CBARACTERISTICS OF RIB-COOLED
ENGINE-NACELLE INSTALLATIONS FOR TWO-ENGIMX AIRPLANES

Byv Herbert A, Wilson, Jr,, and Robert R. Lehr
SUMUARY

Research on wing-nacelle propeller arrangements has
'Seen continued in the NACA Cull-scale mind tunnel with
tests on a model of a two-engine airplane provided with
nacelles varying in diameter from 1.5 La 2.6 times the lo-
cal wing thickness. This model is the same one that was
previously tested with four-ensine-nacelle installations,
and the results are directly comparable.

The results show the variation of the nacelle drasg
with tho ratio of t'ne nacelle diameter to the wing thick-
ness, the effects 0f the nacelles on the aerodynamic char-
acteristics of the airplane, and the propulsive and tie
over—all efficiencies for all the arrangements. The pres-
ent results are combined. in some cases with the results of
previous experiments, so that the effect of nacellesis ine
cluded for airplanes ranging from 6% to 100 tons.

INTRODUCTION

The tendencv t0 increase the power or" radizl air-
cooled airplane engines Without increasing the engine di-
ameter has led to large variations in the size 0l the
wing nacelles relative to the size of the winz. AN in-
vestigation conducted in thae WACA full~scale wind tunnel
has dealt with the Influence of the ratio of the nacelle
diameter to the wing thickness and of the longitudinal
and vertical propeller location on the drag, the propul-
sive efficiency, and the over-all efficiency of multiengine
airplanes. The effects 0f the nacelles a~d the propeller
operation on the lift and the pitching moment of the ailr-
plane have also been studied. The investigation covered
ratigs of the nacelle diameter to the -ing thickness vary-
ing from 0,53 to 2.60, reprcsenting sirplancs of from 6&4°
to 100 tons gross veizht.

By variation of t'ne number and size of the nacelles
installed on the same airplane model, a series of airplanes
has been represented from which directly comparadble data
were obtained. The tests of these models were divided into



two groups: The first group, reported in reference 1, con-
sisted of tests of the model with four aacelles of diam-
eters varving from 053 to 1.5 times the wing thickness;
the second group, constituting the basis for this report,
covers tests of the model with two nacelles of diameters
varying from 1.5 to 2.6 +%imes the wiag thickness.

SYMBOLS
a angle of attack of the fusclage reference axis rela-
tive to the wind axis, degrees

g free-stream dynamic pressure, nounds per square foot
S wing area, square feet *

T mean chord of wing, area/span, feet
t, maximum wing thickness (average over nacslle), feet
Dp wproveller diameter, feet
Dy maximum nacelle diameter, feet;
F maxinum cross-—sectional area of nacelle, sqguare feot
V air speed, feet per second
L lift, or forece normal to the relative wyind, pounds

D drasg, or force parallel tn the relative wind, pounds

D vower-off drag OF model with engine-nacelle installaw-
e tion, vounds
M pitching moment, pound-~féet
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Cp -~ GD (Subscript w refers to power-off drasg
c w of the model with bare wing: sub-

script ¢, to power-off drag of rodel
with enzine-nacclle installation)

ACpS

2F

M
qSe
resultant force. of a propeller-nacelle-wing conbi-

nation, pcunds

thrust os" propellers operating in front of a body
(tension in propeller shafts), pounds

increase in drag of the body due to the action of
the propellers, pouads

effective thrust or? the propeller-nacslle installa-
tion

power input to all propellers

LI~:§QQJI propulsive efficiency

Cp
n <;~ﬂ over-all efficiency
UDC
Png
;__3_ Index thrust coefficient
= VS

2
N at Cp = 0,25
propeller speed, revolutions per second

provreller-blade angle at 0.75 radius, degrecs

flap deflection from closed position, degrces



MODEL AND TEST EQUIPMENT

The tests were conducted in the NACA full-scale wind
tunnel, which 1s described in reference 2. The model 1is
a notal-covered, midwing monoplane with a span of 87.25
feet, The symmetrical wing sections are tapered in thick-
ness from the NAGA 0018 at the root to the NACA 0310 at
the tip. The wing plan form tapers 431 from a recot
chord of 7.28 feet, aod the wing area, is 172 square feet.
Split trailing-edge flaps extend over the middle 60 per-
cent of the span mith the excoption of a short gap at the
fuselage. The sngle of the wing setting to the fuselage
reference line is 4,6%, The principal dimensions of the
model and the nacelle for each of the test arrangements
are shown in figure 1. Fizures 2 to & show the model as
installed in the full-scale tunnel.

A sunmary o0f the nacelle arrangenerts tested is shown
in table I.

'TABLE |
Macelle DN Propeller Dy Propelleriliacelle] Do~
Tost diam= | §° dianmeter| F location| posi- |[tails
es eter w P tion in
(in.) | (1) (in.) (a)
1 o ¢owling - Bare-wing model fig, 2
2a 20 1.5 48 0.417 DJ.25¢ Center fig, 3
line
2D 20 145 48 417 .25¢c Low fig. 4
3 30.4 2.27 69 » 440 .50¢ Center fig, 5
line
4 34,7 2.6 84 L4113 .50¢c Center Tis, 6
line
5 . t
Thickness ¢t is the average of wing thickness at the

nacelle locations,

2tnord c is the local chord at each propeller location,
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Power to operate the propellers was furnished for the
20-inch nacelle arrangement by the 25-horsepower alternat-
ing—current motors used in the tests of reference 1, and
for the $0.4-inch and 34.,7-inch nacelle arrangements by
15-horsepower motors of lower synchronous speed. For all
three nacelle arranzements, the motors were supported ahead
of the wing and within the nacelles. The propeller speed
mas regulated by varring the frequency or" the motor-current
supply and was measured with an electric tachometer. Power
output was obtained for the 25-horsegoner motors from an
electrical calivration and for the 15-horseyotver motors by
measurement of the torque reaction on the motaxr.

Three sets of propellers, a modified Bureau of Aero-
nautics Drawing No. 4412 two-blade propeller of 48~inch
diameter, a Curtiss 88980 three-blade propeller of 69~inch
diameter, and a Hamilton Standard 1827 two-blade propeller
cut down from an 8-~ t0 a 7-foot diamebter, were used on the
20-, the 30.4-, and 34.7-inch nacelles, respectively.

The contour of the cowlings and their relative dimen-
sions are given in figure 7?7 as fractions of the cowling
diameter, These cowlings were szeometrically similar to
those used in the previous series of tests (reference 1)
and to the one designated cowling € in reference 3. The
shapes of the nacelles were designed INn each case to avoid
flow geparation ON the afterbody. At the intersection of
the nacelle and the wing plasticine fillets of small radi~-
us mere used to provide a smooth fairing.

Perforated metal plates, the resistance of which was
changed to a value of conductance K (reference 4)
of approximately 0.10, simulated the engine. The
exit slot of the cowling was proportioned to give a
pressure drop of 0,0%0ag across the engine; it was
assumed that a means of exit— slot adjustment such as
flavs would be provided for other flieht condiitions,
For the tests with no cooling air, the exit slot was
sealed- to vnrevent any air flow through tho cowling,
This methol was found t0 give more consistent results
than sealing the perforation in the metal plates of
the enrine, as was done for the tests of reference 1;
the improvement can be attributed to a better flow
condition at the exit slot.



TESTS

With propellers removed from %hemodel, measurements
of aerodynamic characteristics mere made at aa air speed
of about 60 miles per hour for each of the nacelle instal-
lations over an angle-of-attack range from zero lift
through the stall, Scale effect on the drag at low lift
coefficients was also measured over a range of air speeds
from 30 to 100 miles per hour.

With the propellers operating, propulsive character-
istics of the nacelle-propeller installations were deter-
mined for the attitude in which the thrust axes were par-
allel to the relative wind and for lift coefficients ap-
proximating those for the hisgh-speed and the c¢limbing con-
ditions, The nower-on measurements included the power in-—
put to the propellers and the propeller speed as well as
the usual aerodynamic forces and moments. For the propul-
sive efficiency tests, the 7V/aD was varied by increasing
the air speed from 30 to 100 miles per hour and then by
decreasing the propeller speed at the masimum air speed
until zero torgque was obtained. The effect of propeller
operation on the lift and on the pitching moment was de-
termined nt a test air speed of approximately 60 miles per
hour for the maximum thrust permitted by the set—up and
for an intermediate thrust condition,

POVER-CFF CHARACTERISTICS

The aerodynamic characteristics of the two-engine
model with the propellers removed are shown in figures 8
to 12 for tho various arrargementsg tested. These data
were obtained at a tunnel air speed of about 60 miles per
hour, which corres»onds to a Reynolds number of about
2,500,000 based on the average wiang chord of 4.62 feet.
The coefficients are based on a wing area of 172 square
feet and are corrected for wiand-tunnel effects. Pitching-
moment coefficients are computed about a center of gravity
located as shown in figure 1,

Brag.— Scale effects on the airplane drag coefficients
for the nacelle arranzements and for the model witaout na-
celles, tested at an assumed high-speed lift coefficient of
0.25 are given in fisure 13. A comparison of the curves
for the various nacelle installations with those for the



bare wing shows that the drasg increment due to the nacelles
is more or less independent of the test air speed within
the range coversd,

The variation of the nacelle drag increment per na-
celle ACp/2 with the ratio of the nacelle-diameter %o

the wing thickness Dy/t, 1S shown in figures14(a), (b)),

(c), and (d) for the present tests at 1ift coefficients of
~0,04, 0.25, 0.5, and 0.7, together with similar data from
the earlier tests of reference 1. The propeller location
for nacelle arrangements with velues of Dy/ty, of 2.27 and

2.60 was 0.50c¢c ahead of the leading edge of the wing as
compared with a position of 0.40c for the other nacelles
of figures 14(e) and (d). The difference in drasg between
the nacelles with the propeller - »sitions of 0.40c¢ and of
0.50¢c has been disregarded INn the discussion of the varia-
tion of the nacelle drag coefficient and will be examined
later. The increase in the total drag due to nacelles of
large relative diameter as well as the importance of the
drag due to tho flow of the cooling air for large values
of Dy/ty 1S clearly shown in figure 14,

The nacelle drazs are also shown in terms of the na-
celle dra3 coefficient Cp, in figure 15, from which fig-

ure the drag of conventional nacelle and cowling installa-
tions can be w»redicted. There is a large increase in na-
celle drag coefficient with lift coefficient for small

values of Dy/ty. As the value of Dy/ty, increases, %he

nacelle drag coefficient tends to approach a constant val-
ue and to become considerably less dependent on the Lift
coefficient and the propeller position.

The nacelle drags without cooling air flowing were
considerably smaller for the two-nacelle tests than for
the four-auacelle tests of reference 1., This difference is
particularly noticeable for ths 20-inch nacelles with the
O.25¢c propeller position vecause a direct comparison IS
shown, The decrease in nacelle drags is attributed to
sealing the cowling exit for the present tests rather than
sealing the perforated metal nlates, thus elimidating sec-
ondary flows due to pressure differences around the pe-
riphery of the cowling exit,

Calculations of the drag due to forcing air through
the cowling and the perforated plate simulating the en-
gine, as outlined in reference 4, give increases in the



nacelle drag coefficient of 0,020 and 0.014 for the 34.7-~
and the 30.4-inch nacelles, respectively, that check re-
markebly well nith the values of 0.019 and 0.014 from the
data of figure 15.

An unexpected decrease in drag mas shown by the 20-
inch nacelles in the loa position (fig. 13). This de-
crease IS inconsistent with the results of recent tests
made in the WACA 8-foot Sigh-speed tunnel (reference 5)
that show a 2-perceat increase in the airplane drag for
lowering the nacelle. For t'’ne tests of reference 5, the
lowered nacelle was geometrically similar to the center-
line nacelle; whereas, in the present tests the nacelle
afterbody mas faired to provide additional space in the
nacelle for housing the landiang gear. This requirement of
space made It necessary to elongate the nacelle and to
fair from the cirecular ensine section to a vertical line
at the tail. It is believed that the more sradual fairing
of the low nacelle caused- less interference between the
mine and the nacelle on the lower surface and that lower-—
ing the nacelle decreased the interference on the upper
surface of the wing to a low value. This conclusion is
partially verified by the fact that the drag for the low-
ered nacelle approaches more nearly the skin-friction drag
for a corresmonding amount of surface in turbulent flowe

Maximum lift.- The maximum lift coefficient was
slightly decreased (about 1 percent) by the additiomw of the
nacelles to the airplane. Table II summarizes the maximum
lifts for all the test arrangements.

TABLE II

Velunes of Maximum Lift Coefficient

Flep deflection, by
Proveller - —
ocation ! PN Vertical
0 60 iy
position
Bare wing 1.29 1.82
1.50 0.25¢ 1.28 1,77 Center line
1.50 .25¢ 1.28 1.76 Low
2.27 ,50¢ 1.27 - Center line
2.60 .50¢ 1,26 - Center line
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A comparison of the values for the current tests with
those for the tests of reference 1 shows a considerable
difference IN the efreet of the nacelles on maximum lift,
Adding four 20-inch nacelles to the model sgave a decreass
In maximum lift of 9 percent; this decrease is inconsist-
ent with the results of the two-nacelle tests. Tuft sur-
veys (fig. 16) chow that the nacelle has a marked effect
on the direction of flow over the toy of the wing, and it
is reasonable to conclude that two nacelles only a short
distcnce apart have a mutual intarference flow that, at
high angles of attack, canses an early separation on the
upper surface 0f the wing. It is also evident from the
two~engine tests that the interference is not serious for
an isclated wing nacelle.

Lift-dreq ratio.~ The ranse of an airplane is about

proportional to the value of the maximum l1ift-drag ratio,
which decreases rapidly with increasing Dy/ty., as shown
in figure 17. The maximum L/D for the 20-inch nacelle
(Dy/ty = 1.8) is 15 percent lower than that for the bare
wing waile the L/D 34.7-inch nacelle (Dg/ty = 2.6) s
20 percent lover. The four-engine data of reference 1,
also included- in figure 17, show the lift-drasg ratio for
the four 20-inch-nncelle installations to be approximately
25 nercent less than for the bare wing.

Pitching moment.~ The destabilizing effect of larsge
nacelles is apparent ia Tigure 18, INn waich the slopes of
the pitching-moment coefrficient curves are plotted against
Dy/ty. The slopes were read over the straight portions of

the pitching-moment curves at values of o between -5°
and 5°, the decreased stability being indicated by the
lower values of nesgative slope. The curves include, in
addition to the results of the prosent nacelle and bare-
wing tests, similar data obtainea With four nacelles in
reference 1. The results were found to be much more crit-
ical for the four~nacellc conditions.

The decrease noted IN the slope of the pitching-moment
curve is attributed to the forward rovement of the aero-
dynamic center ¢f the wing due to the addition of the na-
celles ahead of the leading edge. Consequently, moving the
nacelles ahead from a vpropeller position 0of 0.25¢ to one
of 0.40¢c or 0.50c¢ further accentuates the destabilizing
effect of the nacelles.
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PROPULSIVE AND OVER-ALL EFFICIENCIES

The nacelle drag coefficients alone are an insuffi-
cient bvasis for comparison of the various nacelle-propeller
instellations. The installations are more properlv con-
pared by means ~f an over-all efficiency that includes tho
nacelle drag increment measured with the propeller removed
as well as the propulsive efficiency. This over—all effi-
ciency Ty 1is defincd as the ratio of the towline power
required for the model without nacelles at a ziven level-
flight speed t0 the actual power input required at this
speced by the model with the nacelle-propeller installation.
The over-all efficiency is therefore written

The propulsive efficiency T is the ratio of the ef-
fective thrust power to the power input arnd mav be calcu-
lated from the relation

_ (T - AD) ¥

m = P

The value of t'ne effective thrust, (T = 4D), can be com-
puted from the mind-tunnel data by the relationship

T-AD=DC+R

in which Db, and R are, respectively, the values of the

drag for propeller-removed and propeller—operatin? condi-
tions.

The drag increment included. in the effective thrust
is caused by the slipstream over the wing; in like manner
a lift increment is attributed to the propeller operation.
In order to correct for this lift change, Des and R
mere both measured at t'ne same lift coefficient rather
than at the same angle of attack.

Propulsive Efficiencies

Data have been obtained from the tests to show the ef-
fect on the propulsive efficiency of variations in the pro-—
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peller blade angle, the nacelle diameter, and the lift
coefficlent

Propelier blade angle.-~ The values of the propulsive
efficiencies measured for the various nacelle—propeller
combinations are shown in figures 19 to 32. The maximum
propulsive efficiencies occur at a blade angle B of about
30%; the envelopes of the propulsive-efficiency curves are
reasonably flat, however, showing onlv slight variations
in efficiencies with a wariation in B of *#10° from the
optimum,

The results show that neither the blade angle for max-
imum efficiency nor the quantitative value of maximum ef-
ficiency varies appreciably from that of the previous study
of the four nacelle propeller installations.

Nacelle diameter.— A variation in the ratio of t'ne
nacelle diameter to the wing thfckcess has little e“fect
on the maximum propulsive efficiency, OGhanging the verti-
cal position also has a neglizidle effect on the maxinum
efficiency except to change slightly tae V/aD at which
maximum efficiency occurs. The efficiency at a lift co-
efficient of -0.04 for the 34,7-inch nacelles ig approxi-
mately 2 percent lower than that for the 20-inch nacelles
and about 1 percent lower than that; for the 30.4-inch
nacelles.

Lift_coefficientg.~ The variations in the propulsive
efficiencies with airplane lift coefficient are also in=-
cluded in figures 19 to 22 for blade angles of 20°, 30°,
and 40°. The maximum propulsive efficiency occurs at a
lift coefficient of -0,04, in which case the nacelle axis
mas approximately parallel %to the air stream. The propul-
sive efficiency 1IN all cases except for the 20-inch na-
celle with the blade angle Set at 30° is 2 percent 3reater
at the lift coefficient -0.04 than at 0.25, For the 20-
inch nacelle with s blade angle of 30° the propulsive ef-
ficiency is tho same for the two 1ift coefficients in
either the center line or the lowered nacelle position.

Over-All Efficiencies

The over-all efficiencies for the conditions investi=
gated during the present series of tests together with
those of the previous seriecs (reference 1) are presented
in figure 23,



12

It will be noted taat there is a 1=~ to 2-percent do-
crease in the over—all efficiency for the 0.40c¢c propeller
position. The decrease is probably due te¢ the increased
skin friction of the longer nacelle. It will also be ob-
served that the over-all efficiency for the two-engine
installation IS congiderably higher than that for the
four-engine installation, especially at larger values of
Dy/ty+ This differonce in over-all efficiencr is the re-
sult of the lower drag odbtained mit?? two naceclles and in-
dicates the desirability of using the smallest possible
number of power units for 2 given total power output.

Variations of the maximum over-all efficiency with
lift coefficient for the two-engine data of the present
tests and for the four-engine data of the previous series
(reference 1) are plotted in figure 24, In all cases
shown, the lowest efficiencies exist at the high-gspeed
condition; the efficiencies increase as the lift coeffi-
cient either increases or decreases from the hfgh-speed.
condition. This increase in efficiency is more rapid with
the 30.4- and the 34.7-inch nacelles, because of a smaller
variation in drag with angle of attack for the larger na-
celles.

POWER- ON CHARACTERISTICS

The effect of propeller operation on the aerodynamic
characteristics of an airplane is primarily dependent on
the amount of thrust delivered by the propellers and, for
a given thrust, is relatively independent of moderate
changes in blade angle, V¥/nD, propulsive efficiency, and
propeller diameter. In order to describe the conditions
of propeller operation, use is made of an index thrust co-
efficient that takes the farm

Tt = “No
Co qSvVv

in which M, is the propulsive efficiency at 0y = 0,25
for the conditions of Vv/aD and blade angle at which the
tests mere made. The index thrust coefficieat has the
characteristics and the form 0of a drag coefficient and is
essentially independent of the combination of V/aD and
blade angle that produces the thrust; It is equal to the
amount of drag that the thrust would counterbalance at the
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standard or index condition and, at any other value of
lift coefficient, differs from the true thrust coefficient
only by the variation in propulsive efficiencg between tho
two conditions.

The effect of propeller operation on the maxinum lift
is given in figurez 25 and 26 for the 20—inch and the 30.4=
inch nacelle installations. As % ¢ index thrust coeffi-
cient increases, the slope of the lift curve increases
sligbtly and the maximum lift increases rapidly. The rate
of increase in maximum Lift coefficient is largest for
values of Téo between O and 0,05, owing to the effect of

the slipstream in decreasing the wirng-nacelle interference,

The effects of the propeller operation on the pitching-
moment coefficient, for the various thrust coefficients
and two nacelle installations, are shown in figures 27 and
28e The principal effect of propeller operation 1s to
change the elevator angle required for balance. Tho curves
are sinilar throughout the normal ranze 0f angles of attack
and. are very much like those that would bo obtained by wvar-
ving the tail setting, Increasing the nacelle size from
20 inches to 30.4 inches decreases the slope of all of the
power-on pitching-momeont curves. With the largest value of
1 for each case, and especially with the larger nacelle,

Cn L L :
the stability vecomes critical at tho higher angles of at-
tack.

PRESSURE 3ISTRIBUTION

The pressure distribution an the under side of the
20~inch and the 34,7-inch napcelles IS given in figures 29
and 30, resmwectively. These data may be wused as a guide
in designing trapdoors on the bottom of conventional na-
celles. Similar data for fuselas s arc given for a large
range of Mach numbers in reference 6,

Pressurcs are given in terms 0f the pressure coeffiw-
D TP ) )
cient, P = B (in which p 1is the loecal pressure

and p, 1is the free-~stream static pressure), plotted nor-

mal to the surface of the nacelle. The results are plot-
ted to sive the distribution over four cross—=sectional
planes of the nacelles, located as shown in figures 29(b)
and 30(b), betwecen the leading edge of the wing and the
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trailing edge of the nacelles, Thae pressurc distridution
over tho longitudinal sections is also shown in figures
29(a) and 30(a) for the center—line sections to give an
indication of the fore—and-aft pressure variations.

CONCLUSTONS

le The over-all efficiency of the two-engine model
decreased linearly with an increase in the ratio of the
nacelle diameter to the wing thickness.

2, The propulsive efficiencies were substantially
the same for all nacelle arrangements.

3+ The static longitudinal stability was adversely
affected by the addition of the nacellesgs to the wing and.
the operation of the propellers

4. The addition of the two nacelles to the wing de-
crossed the maximum lift by only about 1 percent.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.



15
REFERENCES

Silverstein, Ave, and Wilson, Herbert A., Jr.: Drag
and Propulsive Characteristics of Air-Cooled Engine=-
Nacelle Installations for Large Airplanes. NACA
Rep. Fo. 746, 1942,

DeFrance, Smith J.: The ¥.A.C.A. Full-Scale Wind Tun-
nel. Rep. No, 459, NACA, 1933Z.

Robinson, Russell G., and Becker, Joan V.: High-
Speed Tests of Radial-Engine Cowlings. NACA
Rep., ¥o, 74b, 1942,

Theodorsen, Theodore, Brevoort, M. J., and Stickle,
Georze W.: PFull-Scale Tests of N,A.C.A., Cowlings.
NATA Reop. No, 0233, 1927,

Beeker, John V,, and Leonard, Llovd E.: High-Speed
Tests 0of a Model Twin-ZEngine Low-Wing Transport
Airplane. ¥KACA Rop. No, 750, 1942,

Delano, James B.: Pressure Distribution on tho Fuse-
lage of a Midwing Airplane Model at High Speeds.
NACA TB ¥o. 890, 1943,



L-428

NACA

(a)

20-inch
nacelle;
Dy/ty = 1D

(b)
The
30.4-inch
nacelle;
Dy/ty = 2 27

(c)
The
34,7-inch
nacelle;
D/ty = 2.60

Horizontal
fail areaq,
28 sqg ft

o I ©
U Q
8§ LY
g T
I
@
Figure 1.
Diagram
of model
: showing
Q 1 arrangements
| of the
nacelles.
Q
Q
° )
L >=—_
(b)

Fige 1



1- 438

NACA

Figs. 2,3

Figure 2.- Ins

A

Migure 3.- Installation of model with 20-inch nacelles .center-iine
in the NAGA full-scale wind tunnel.
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Figure 4.— installation oi mod

el witn 2u-inch nacelles ( low nosition ) in the
NACA full-szale wind tunnel.

“atzor of medel with 20,4-inch rane.. { anter-line positlon)
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Figs. 6, 16

Figure 6.7 Installation o

f model with 34.7-inch nacelles (center-line positior)

in the NACA full-scale wind tunnel.

Figure 16.- Air flow over upper surface of wirg anc racelle. The 20-inch

nacelle:

0.25c propeller location: & = 2V



&

1-/28

NACA . 6&),: Figs. 7,14
k—ﬁyzjfﬂ——"————tf ¢
Cowling profile /szz,(appr %)
X/DN y/DN X/DN Y/DN \
0.000/0,350|0.115{0.460
N} .005| .378| .135| .467
2 y .010| .387| .154| .474
: .019f .399| .192| .485
§ .038| .416| .231| .493
('{% .058| .431) .269| .498
' 077 .441) ,308) .500
.096] .452] .335] .500
I ¢ (symmetrical)
Figure 7.- Dimensions of cowling and cooling arrangement.
L = 11.06 in. for 20.0 in. nacelle
n 16 . 69 " " 304_ i n
" 2200 " " 34.7- " It
—i——T i M I n T T I T —r I ]
o002t + JF + 4-— Icl +- M e j"jm/’f”"’f
CaTO,
I 1 70 // 4/1/ o £ our—engme data 0040/0]{7 -from '
+ T T 7T 7t 1 I i referernces
_A—T50 —+ Jri L
oor- + + 1 < a 004 + o+ ]
So I 25 //_4,, ol 50 Two -engine data
T [-o] ] S I 1
@ e L C o
0 L e —4 ——
v [ ' + + et + 4+ + +—+ + + + -+ + ]
:\?.002— + : + 1 4 + S an e R S e — 4
70
$ R s T T T T i '/!A 4+ 44 44 +—t + 4+
$.00/ I + 4+ + + + + .
N I o o 25| A—1" & | J
T o e e ey N B . i
n 0 ! . ! - ! ! =
Qt) — T - T T T -T T T T = = + _‘/+ —_%
& — 4 4 Il 4 4 e 4 +__ 4
v 003 —+ + . =+ — +
o+ g : T Tt 4 1 e -
$ oozt—+ 1 : 4 14 "/\/'50/ (IS el B J
s | A e T
o . + | T =T ,J,/— -+ A
® L
§-00/"_¥ I A el mls i v _//””,,wa;;/’+ 24 i ““ﬂ"“' T _‘““L‘"
= T R e ] +-+ + :
0 (c) ! :::’O/”!—/ | ! I
Il T T l T
003t + + 4 -4+ o+ + i + + + -+ + 4
i | 1 1 | o] //f—/-‘—’—’}— |
q |1 ‘ e
002 T T Jy T R ) O = o I B e
| I // L—T50 f'ﬁ/‘)/( /A‘///‘
+ } T — - el
"1 L1 :
oork ! : — — L =T s — 1 -.04
I vt gl R B s st o s B A I
0 z 4 6 8 L0 2 /4 16 78 20 22 24 26 28

(a) Air flowing through cowling; propeller location, 0.25c.

Rafio of nacelle diomefer *o wing thickness, Dy [t,

(b) Cowling closed; pro-

peller location, 0.25¢.
(d) Cowling closed; propeller location, 0.50c,

Figure 14.- Drag increment due to each nacelle, ACp/2,

various lift coefficients.

(¢) Air flowing through cowling; propeller loecation, 0.50c.

for nacelles of various size and
Test air speed, 100 mph.
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Figure 19.- Variation of propulsive efficiency with blade angle for the 20 inch nacelles
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Figure 2.- Variation of propulsive efficiency with lift coefficient
for the 34.7-inch nacelles. 0.50c¢ propeller location;

B, 300; air flowing through cowling.
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Figure 27.- Variation of pitching-moment coefficient of the
model with index thrust coefficient. The 20-inch
nacelles in center-line position. 0.25¢ propeller location.
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